Background
The response to treatment for asthma is characterized by wide interindividual variability, with a significant number of patients who have no response. We hypothesized that a genomewide association study would reveal novel pharmacogenetic determinants of the response to inhaled glucocorticoids.
Methods
We analyzed a small number of statistically powerful variants selected on the basis of a family-based screening algorithm from among 534,290 single-nucleotide polymorphisms (SNPs) to determine changes in lung function in response to inhaled glucocorticoids. A significant, replicated association was found, and we characterized its functional effects.
Results
We identified a significant pharmacogenetic association at SNP rs37972, replicated in four independent populations totaling 935 persons (P = 0.0007), which maps to the glucocorticoid-induced transcript 1 gene (GLCCI1) and is in complete linkage disequilibrium (i.e., perfectly correlated) with rs37973. Both rs37972 and rs37973 are associated with decrements in GLCCI1 expression. In isolated cell systems, the rs37973 variant is associated with significantly decreased luciferase reporter activity. Pooled data from treatment trials indicate reduced lung function in response to inhaled glucocorticoids in subjects with the variant allele (P = 0.0007 for pooled data). Overall, the mean (±SE) increase in forced expiratory volume in 1 second in the treated subjects who were homozygous for the mutant rs37973 allele was only about one third of that seen in similarly treated subjects who were homozygous for the wild-type allele (3.2±1.6% vs. 9.4±1.1%), and their risk of a poor response was significantly higher (odds ratio, 2.36; 95% confidence interval, 1.27 to 4.41), with genotype accounting for about 6.6% of overall inhaled glucocorticoid response variability.
Conclusions
A functional GLCCI1 variant is associated with substantial decrements in the response to inhaled glucocorticoids in patients with asthma. (Funded by the National Institutes of Health and others; ClinicalTrials.gov number, NCT00000575.) A sthma is a complex genetic syndrome that affects 300 million persons worldwide. 1 The response to treatment is also genetically complex and is characterized by high intraindividual repeatability 2 and high interindividual variability, 3 with up to 40% of patients with asthma having no response to therapy. Inhaled glucocorticoids are the most widely prescribed medications for controlling asthma. Levels of endogenous glucocorticoids are heritable and vary, both at baseline and in response to environmental perturbation. [4] [5] [6] Moreover, studies in families with conditions other than asthma have shown both familial segregation and heritability in responses to glucocorticoid medications. 7, 8 Given the heritability within the therapeutic class of glucocorticoids, as well as the high degrees of between-patient variability and within-patient repeatability in the response to inhaled glucocorticoids for the treatment of asthma, it is likely that this response has a genetic basis.
To date, pharmacogenetic investigations in asthma have focused on candidate genes. 9-13 A powerful family-based screening algorithm 14 for genomewide association studies has identified novel genetic loci that contribute to obesity 15, 16 and Alzheimer's disease. 17 The algorithm uses parental genotype information to rank singlenucleotide polymorphisms (SNPs) that have the greatest potential power for association. A small subset of statistically powerful SNPs can then be tested in the probands with the use of the familybased association test (FBAT). 18 Identifying markers in this fashion limits the potential for falsepositive associations and increases the likelihood of replication in subsequent studies.
We hypothesized that a genomewide association study would identify novel variants associated with the response to inhaled glucocorticoids for asthma. We tested this hypothesis with the use of the family-based screening algorithm in subjects randomly assigned to inhaled glucocorticoids in the Childhood Asthma Management Program (CAMP). 19, 20 Through screening, we identified SNPs that offered the greatest power for a replicable association with the longitudinal response to inhaled glucocorticoids, measured as a change in forced expiratory volume in 1 second (FEV 1 ). After screening, we tested the association of the highest-powered SNPs in four additional, independent populations drawn from clinical trials involving subjects with asthma. Figure 1 provides an overview of the study design. Detailed descriptions of the methods (including the population descriptors, functional characterization, and statistical approaches used) can be found in the Supplementary Appendix, available with the full text of this article at NEJM.org.
Me thods

Study Design and Screening and Replication Cohorts
In the CAMP, 19,20 a randomized, controlled trial, we followed 1041 children with asthma who were 5 to 12 years of age at the onset of the study and who received treatment for a mean period of 4.6 years. The children were randomly assigned to treatment with inhaled budesonide, nedocromil sodium, or placebo. From this study, we selected 422 white, non-Hispanic participants and their parents for genotyping on the HumanHap550 v3 BeadChip (Illumina); of this group, 118 trios (consisting of a child and his or her two parents) were randomly assigned to budesonide. These trios constituted the family-based screening cohort in which we assessed the longitudinal response to glucocorticoid therapy. All research involving data collected from the CAMP Genetics Ancillary Study was conducted at the Channing Laboratory of the Brigham and Women's Hospital according to the appropriate CAMP policies and regulations for human-subjects protection.
To replicate our initial findings, we genotyped DNA obtained from subjects with asthma who were enrolled in three clinical trials: the 6-week common run-in period during which the subjects were using inhaled glucocorticoids in the Salmeterol or Corticosteroids (SOCS) trial 21 and the Salmeterol ± Inhaled Corticosteroids (SLIC) trial, 22 the Adult Study, 23 and the Leukotriene Modifier or Corticosteroid or Corticosteroid-Salmeterol (LOCCS) trial (ClinicalTrials.gov number, NCT00156819). 24 After the initial replication phase, an additional replication was performed that was limited to the variant associated in each of the populations with the use of data from the Childhood Asthma Research and Education (CARE) Network trials, 25,26 archived on the database of Genotypes and Phenotypes (dbGaP) (www.ncbi.nlm.nih.gov/gap) within the SNP Health Association Resource (SHARe) Asthma Resource Project (SHARP). Table 1 summarizes these populations, most of which have been described in detail in reports on previous pharmacogenetic studies. 27, 28 All subjects or their legal guardians provided written informed consent to participate in the study protocols and ancillary genetic testing.
Drug responses and outcomes
In the CAMP, the greatest differences in FEV 1 that were attributable to budesonide were seen during the first 16 months of treatment. 20 We calculated the change in FEV 1 as the difference between FEV 1 at baseline and during the five follow-up visits that took place within the 16 months after randomization (FEV 1treatment -FEV 1baseline ). Residuals of each of these differences (adjusted for age, sex, and height) were used in the genomewide association study. For each replication cohort, a single measure of the change in FEV 1 after 4 to 8 weeks of therapy with inhaled glucocorticoids was used as part of the clinical trial (i.e., the Adult Study and the CARE Network trials) or during a closely monitored runin period (i.e., the SOCS and SLIC trials and the LOCCS trial).
Genotyping and Quality Control
Genomewide HumanHap550v3 BeadChip SNP genotyping was performed by Illumina. Data were cleaned as previously described 29 ( Table 1 in the Supplementary Appendix), and 547,645 markers (97.54%) passed quality-control metrics. Genotyping was successful in 1169 CAMP participants, including 403 probands and their parents; for 11 probands, only 1 parent was available. The average rate of genotyping completion per study participant was 99.75%. Thirteen SNPs that met the screening criteria were genotyped with the use of Sequenom in the replication cohorts; the functional rs37973 SNP was genotyped with the use of TaqMan (Applied Biosystems). Average completion rates were higher than 95%. Genomewide Affy metrix SNP 6.0 Array genotype data were available for the SHARP and CARE Network samples. Because rs37972 and rs37973 were not genotyped on that platform, corresponding genotypes were inferred by means of imputation with the Markov Chain Haplotyping software 30 on the basis of HapMap Phase 2 Release 22 data. 31 The ratio of empirically observed to expected (binomial) dosage variance for these imputed SNPs was higher than 0.9, indicating good-quality imputation.
Functional Validation
The methods described below were used for data acquisition (Fig. 3 in the Supplementary Appendix). Detailed descriptions of the methods used for The family-based association test (FBAT) screening algorithm was applied to genomewide genotyping data in parent-child trios corresponding to probands randomly assigned to treatment with inhaled glucocorticoids (ICS) in the Childhood Asthma Management Program (CAMP), in order to identify the top 100 single-nucleotide polymorphisms (SNPs) in terms of power for replication (heritability) in association with changes in forced expiratory volume in 1 second (FEV 1 ). These SNPs were tested for association in the CAMP population, and 13 variants were genotyped in three independent replication populations (in the Salmeterol or Corticosteroids [SOCS] and Salmeterol ± Inhaled Corticosteroids [SLIC] trials, the Adult Study, and the Leukotriene Modifier or Corticosteroid or Corticosteroid-Salmeterol [LOCCS] trial). One variant, rs37972, was associated in each population. The potential for function of this variant and a closely correlated variant, rs37973, was assessed, and rs37973 was confirmed to alter expression of the glucocorticoid-induced transcript 1 gene (GLCCI1); rs37973 was then tested for overall association with the response to ICS therapy in four independent clinical-trial populations. CARE denotes Childhood Asthma Research and Education, and EMSA electrophoretic mobility-shift assay. functional analyses can be found in the Supplementary Appendix.
GLCCI1 Expression Profiles in Lymphoblastoid Cells
We correlated rs37972 and rs37973 with dexamethasone-mediated changes in glucocorticoidinduced transcript 1 gene (GLCCI1) expression in lymphoblastoid cell lines derived from 147 white probands in the CAMP population. Expression profiles were measured after stimulation for 6 hours with 10 −6 M dexamethasone or a sham treatment with the use of the HumanRef-8v2 BeadChip and were adjusted for background, were log-transformed, and underwent variance stabilization and normalization. Associations of GLCCI1 expression with genotype were determined by means of linear regression analysis.
Luciferase Assay
We constructed luciferase reporter plasmids by cloning human DNA fragments amplified by means of polymerase chain reaction (PCR). The pGL4.23 vector contains a minimal promoter that facilitates the investigation of response-element activity. Products for the enhancer assay containing the wild-type sequence, the rs37972 or rs37973 variant, or the rs37972-rs37973 haplotype were subcloned into the upstream region of the pGL4.23luciferase vector (Promega). We confirmed allelic differences in promoter activity in the human B-cell line Raji with the use of the pGL3-basic vector. Cells were transfected with these reporter constructs and with pRL-TK renilla luciferase vector as a normalization control with the use of the FuGENE 6 transfection reagent (Roche Diagnostics). Relative luciferase activity of mock and GLCCI1 reporter constructs was calculated as the ratio of firefly luciferase activity to renilla luciferase. Reporter assays were analyzed with the use of Student's t-test.
Electrophoretic Mobility-Shift Assay
An electrophoretic mobility-shift assay was performed with the use of Gel Shift Assay Systems (Promega) according to the manufacturer's instructions. Double-stranded rs37973 oligonucleotides end-labeled with [γ-32 P] ATP with the use of T4 polynucleotide kinase were mixed with nuclear extracts from Jurkat, Raji, and human acute monocytic leukemia (THP-1) cells. 
Statistical Analysis
FBAT is robust with respect to population stratification. The FBAT-Principal Components (FBAT-PC) method uses the five repeated measures of change in FEV 1 in response to inhaled glucocorticoids for the CAMP population in a linear combination to generate an overall composite phenotype that maximizes the potential genetic contribution for each SNP locus, thereby yielding the highest power for a subsequent association analysis. 32 This composite phenotype was used in the genomewide association study. We analyzed the data from that study with the use of the family-based screening algorithm, which ranks SNPs according to the power to detect an association without biasing the subsequent FBAT. 14, 18 We selected SNPs that met two criteria: they were among the 100 highest-powered SNPs and had a P value of 0.05 or less on FBAT. Thirteen SNPs met both criteria. For the replication populations, we used generalized linear models to evaluate the association between SNPs and the change in FEV 1 . The analysis was adjusted for age, sex, and height under the same genetic model identified during screening, with the use of SAS software, version 9.1 (SAS Institute). A replication was defined as a result with a nominal P value of less than 0.05. A P value that combined evidence across all replication populations was calculated with the use of Liptak's approach 33, 34 and was adjusted by means of the Bonferroni correction for multiple testing of the 12 genotyped SNPs in the replication populations. After genotyping the functional variant, we performed a final pooled analysis of the overall change in FEV 1 and for association with the lowest versus highest quartile of the change in FEV 1 by means of linear and logistic-regression analyses, adjusted for age, sex, height, and study. Table 1 summarizes the populations in the five clinical trials. As compared with the other three replication populations, the subjects in the CAMP and CARE Network trials were younger and predominantly male and had better lung function at baseline. In each trial, FEV 1 significantly increased after the administration of inhaled glucocorticoids for 4 to 8 weeks but showed wide interindividual variability, as evidenced by the large standard deviations in the population response.
R e sult s
Initial Genomewide Association Study and Replication Analyses
We performed the genomewide association screening in the CAMP trial, given its family-based design. 14 Among 403 parent-child trios, 534,290 autosomal SNPs were available for analysis ( Table  1 in the Supplementary Appendix) . Trios containing 118 probands randomly assigned to treatment with budesonide (an inhaled glucocorticoid) underwent the family-based screening. Quantilequantile plots (not shown) comparing the P values for FBAT allelic associations with those expected for a null distribution revealed a lambda value of 1.02 and were conservative in nature. After screening, the 100 highest-powered SNPs were evaluated for association. Table 2 shows the 13 SNPs selected for replication; 12 were successfully genotyped. Each SNP was in Hardy-Weinberg equilibrium.
One SNP, rs37972, was associated with the change in FEV 1 in three of the four replication populations at a canonical P value of 0.05 or less under the same genetic model (additive) as in the CAMP population (P = 0.03 in the SOCS and SLIC trials, P = 0.03 in the LOCCS trial, P = 0.08 in the Adult Study, and P = 0.04 in the CARE Network trials), yielding a Liptak combined P value of 0.0007. Allowing for testing of 11 other genotyped SNPs, we found that the adjusted P value remained significant (P = 0.0085). In each population, the minor (T) rs37972 allele frequency was about 0.40. In a comparison of subjects who were homozygous for the wild-type allele (CC) with those who were homozygous for the mutant allele (TT), the mean (±SE) change in FEV 1 after 4 to 8 weeks of treatment with inhaled glucocorticoids was 11.7±2.6% versus 2.7±3.8%, 9.5±1.7% versus 3.1±2.7%, 11.8±1.8% versus 3.1±2.7%, and 9.8±1.6% versus 4.5±2.8% for the populations in the SOCS and SLIC trials, the Adult Study, the LOCCS trial, and the CARE Network trials, respectively ( Fig. 2) .
Functional Characterization
The rs37972 SNP is located on GLCCI1, 1473 bp in the 5′ direction from the ATG start site. To characterize the function of this SNP, we resequenced GLCCI1 and identified an allelic basis for transcriptional regulation. Resequencing identified five novel variants ( Table 3 in the Supplementary Appendix); none were in significant linkage disequilibrium (i.e., highly correlated) with rs37972. We did, however, confirm that another GLCCI1 promoter variant, rs37973, was in complete linkage disequilibrium with rs37972 (r 2 = 0.99) ( Fig. 1 in the Supplementary Appendix). GLCCI1 expression was measured in a panel of human tissues with the use of a reverse-transcriptase PCR assay, with glyceraldehyde-3-phosphate dehydrogenase serving as a nonvariant control. GLCCI1 was highly expressed in lung and lymphoid tissues, including T cells, B cells, and natural killer cells. Moreover, GLCCI1 was specifically induced in primary B cells treated with glucocorticoids under asthmalike conditions (Fig. 2 in the Supplementary Appendix).
In lymphoblastoid B cells derived from probands in the CAMP study, GLCCI1 expression was significantly increased by dexamethasone (β = 0.17±0.05; P<0.0001 for log 2 GLCCI1 expression). Moreover, subjects who were homozygous for the mutant allele, as compared with those who were homozygous for the wild-type allele, had significantly lower expression in sham-treated cells (additive model β = −0.16±0.05; P = 0.003 for log 2 GLCCI1 expression) and dexamethasone-treated cells (additive model β =−0.16±0.05; P = 0.002 for log 2 GLCCI1 expression) for both rs37972 and rs37973 ( Fig. 3 in the Supplementary Appendix). Genotypic associations with GLCCI1 expression were confirmed on the basis of data from HapMap subjects 35, 36 ( Fig. 4 in the Supplementary Appendix). Dexamethasone-stimulated GLCCI1 expression in the CAMP B-cell lines was associated with a robust response to glucocorticoids (highest quartile; odds ratio, 3.22; 95% confidence interval [CI], 1.41 to 7.38), a finding that was consistent with altered expression as the functional basis for the observed genotypic associations.
To clarify which SNP directly alters GLCCI1 expression, we constructed clones of luciferase reporter plasmids containing DNA fragments of rs37972, rs37973, or both (Fig. 3A) . In the enhancer assay, the rs37972T-rs37973G (minor) haplotype clone had significantly less transcriptional activity than did the rs37972C-rs37973A (major) haplotype clone in all three cell lines studied (Jurkat, Raji, and THP-1) (Fig. 3B) . Luciferase reporter activities of the rs37973G clones were reduced, a finding that was consistent with the haplotypes * Replication results for the 12 SNPs successfully genotyped in the initial three replication cohorts can be found in Table 2 in the Supplementary Appendix; data from the fourth replication cohort, participants in the Childhood Asthma Research and Education Network trials, were made available only after the initial replication analysis and were limited to the rs37972 variant from this table. † The data from the genomewide association study were analyzed with the use of the family-based screening algorithm, which ranks SNPs according to power to detect an association without biasing the subsequent FBAT results. After the ranking by power, the traditional FBAT was used to generate the reported P values. ‡ Model refers to the type of genetic model identified as top-powered for the SNP power rank. Since the screening step did not limit the number of statistical comparisons, all three genetic models were ranked according to statistical power for subsequent association analyses.
The New England Journal of Medicine and indicated that rs37973 can modulate transcriptional activity (Fig. 3B) . We confirmed the allelic differences in rs37973 transcriptional activity with the use of an independent promoter assay ( Fig. 5 in the Supplementary Appendix) . Electrophoretic mobility-shift assay of rs37973 also showed lower signal intensities of DNA-protein complexes for the G allele than for the A allele, in the presence of Jurkat, Raji, and THP-1 nuclear extracts (Fig. 3C ). Although TRANSFAC (www .biobase-international.com/product/transcriptionfactor-binding-sites) predicted putative transcription-factor-binding sites at rs37973 CCAAT/ enhancer binding protein (C/EBP) alpha (ACTTT-GTTCAATGC) and zinc finger E-box binding homeobox 1 (ZEB1) (ATGCAGGTTCCAG), we could not identify any specific binding of nuclear extracts to oligonucleotides containing rs37973.
Functional Variant Association
We genotyped the functional rs37973 in our replication populations and performed a pooled analysis of the change in FEV 1 after therapy with inhaled glucocorticoids. The rs37973 SNP was associated with significant decrements in FEV 1 (pooled P = 0.0007). Overall, FEV 1 improved in response to inhaled glucocorticoids in subjects who were homozygous for the wild-type allele, as compared with those who were homozygous for the mutant allele (9.4±1.1% vs. 3.2±1.6%), consistent with the initial rs37972 association. We evaluated the association between rs37973 and response to inhaled glucocorticoids as defined by the highest and lowest quartiles of change in FEV 1 (greater than 13.8% for the highest quartile and less than −1.7% for the lowest quartile) -that is, for the subjects in the lowest quartile of FEV 1 response, improvement was less than 0%. After adjustment for age, sex, height, and study, the additive genetic model yielded an odds ratio for a poor response with rs37973 of 1.52 (95% CI, 1.13 to 2.03). Thus, subjects who were GG homozygotes were about two and a half times as likely to have a response in the lowest quartile (odds ratio, 2.36; 95% CI, 1.27 to 4.41) as were those who were AA homozygotes, with genotype accounting for an estimated 6.6% of overall response variability.
Discussion
In our genomewide association study of more than 530,000 SNP markers with the use of a familybased screening algorithm, we identified 13 SNPs that were within the top 100 in statistical power for replication and associated with changes in FEV 1 after the administration of inhaled glucocorticoids in the CAMP population. One GLCCI1 SNP, rs37972, was associated with the same phenotype with the use of the same genetic model in three of four independent populations of clinicaltrial populations with asthma, resulting in marked attenuation of the response to treatment with inhaled glucocorticoids (Fig. 2) . This SNP is in complete linkage disequilibrium (i.e., perfectly correlated) with the functional rs37973, which down-regulates GLCCI1 expression -an effect augmented by exogenous glucocorticoids (Fig. 3 , and Fig. 3 in the Supplementary Appendix). In turn, glucocorticoid-induced GLCCI1 expression in B-cell lines was significantly associated with the response to inhaled glucocorticoids in the subjects with asthma from whom the cells were obtained. Thus, it is fully plausible that rs37973 causes a decremental response to inhaled glucocorticoids in patients with asthma through changes in GLCCI1 expression. In addition to the functional role of rs37973, we noted significant associations between this variant and clinical responsiveness to inhaled glucocorticoids. In subjects who were homozygous for the wild-type allele, FEV 1 improved by a factor of three after therapy with inhaled glucocorticoids, as compared with those who were homozygous for the mutant allele (pooled P = 0.0007). Moreover, subjects who were homozygous for the mutant allele were about two and a half times as likely to have a poor response to inhaled glucocorticoids (lowest quartile) as were those who were homozygous for the wild-type allele. Overall, this variant accounted for 6.6% of the variability related to the lowest-quartile response, indicating that variation at this locus may account for a substantial proportion of patients who have a poor response to therapy with inhaled glucocorticoids. In this study, we identified a consistent genetic association that was replicated in three of four independent clinical trials with a combined total of 935 subjects. The family-based screening method used to identify the associated variant is ideally suited to pharmacogenetic studies in which sample sizes are limited and P values for true associations are likely to be modest. In our study, the statistical power was further enhanced by the use of repeated measures of the outcome variable during FBAT screening of the CAMP population. 32 GLCCI1 maps to chromosome 7p21.3 and contains eight exons. Its role in glucocorticoid sig-naling was first described by Chapman et al., who identified several differentially expressed sequenced tags in glucocorticoid-sensitive and glucocorticoid-resistant thymoma-derived cell lines after the administration of dexamethasone. 37 One of these, GIG18 (glucocorticoid-induced gene 18), showed marked up-regulation. Now called GLCCI1, it is expressed in both lung cells and immune cells, and its expression is significantly enhanced by the presence of glucocorticoids in asthmalike conditions (Fig. 2 in the Supplementary Appendix). GLCCI1 may be an early marker of glucocorticoid-induced apoptosis. 38 Apoptosis is a key mechanism through which glucocorticoids resolve lymphocytic and eosinophilic inflammation in asthma. 39 Therefore, decreased GLCCI1 expression, as a result of rs37973, may reduce inflammatory-cell apoptosis, leading to a diminished clinical response to inhaled glucocorticoids.
Our study has several limitations. First, we specifically focused on 100 top-powered SNPs; the vast majority of SNPs in the genomewide association study were not tested. Clearly, a more comprehensive interrogation is warranted. Second, at enrollment, 85% of SOCS and SLIC participants reported recent use of inhaled glucocorticoids. Nonetheless, we noted a robust response to inhaled glucocorticoids during the common run-in period. Third, although our results would suggest that rs37973 has a functional role, other potential functional variants (e.g., alternative splice or intronic variants) may be present within GLCCI1. Although further mechanistic studies are needed to clarify the precise role of GLCCI1 in the response to asthma treatment, our elucidation of a functional variant to support the association finding far exceeds that of the typical genomewide study. Finally, owing to the small numbers of subjects in other racial groups, our analyses were restricted to whites, thereby limiting the generalizability of the results.
In conclusion, our genomewide association study of more than 530,000 SNPs revealed a novel functional SNP, rs37973, that decreases the expression of GLCCI1, a gene influencing the pharmacologic response to inhaled glucocorticoids in asthma. Panel A shows a graphical overview of the rs37972 and rs37973 single-nucleotide polymorphisms in relation to the first exon structure of GLCCI1. The position of the first methionine (Met), the start codon of GLCCI1, is shown. Indicated DNA fragments were cloned into luciferase vectors for the enhancer assay. Panel B shows the allelic differences in relative luciferase activity in Jurkat cells, Raji cells, and human acute monocytic leukemia (THP-1) cells, obtained with the use of a pGL4.23luciferase vector. Data represent mean (±SD) values from one experiment performed in triplicate and are expressed relative to the luciferase activity of the mock transfectant, which was arbitrarily set at 1. P values were calculated with the use of Student's t-test. Similar results were obtained in three independent experiments. Panel C shows results of an electrophoretic mobility-shift assay (EMSA) of rs37973 in Jurkat, Raji, and THP-1 cells. The intensity of each band on EMSA was analyzed by densitometry, and the intensity ratio of each G-allele band to each A-allele band is shown. Two independent experiments were performed with similar results. The genomic region containing the A allele of rs37973 was predicted to bind two transcription factors, CCAAT/enhancer binding protein (C/EBP) alpha and zinc finger E-box binding homeobox 1 (ZEB1). Although the signal intensity of the DNA-protein complex derived from the A allele was higher than that from the G allele in the presence of nuclear extract of each of the cell lines on EMSA, we could not confirm the binding of C/EBP alpha and ZEB1 to the sequence by supershift assay (data not shown). It is possible that other, unidentified transcription factors might bind to this sequence. from the National Heart, Lung, and Blood Institute (NHLBI) (U01 HL075419, U01 HL65899, P01 HL083069, R01 HL086601, and T32 HL07427); the Single-Nucleotide Polymorphism Health Association Asthma Resource Project (SHARP) was funded by the NHLBI and was carried out by researchers from the Asthma Clinical Research Network, the CAMP, and the Childhood Asthma Research and Education (CARE) Network; the Asthma Clinical Research Network (ACRN) investigators and research teams were supported by grants from the NHLBI (U01 HL51510, U01 HL51834, U01 HL51831, U01 HL51845, U01 HL51843, M01 RR00079, and M01 RR03186); and the Leukotriene Modifier or Corticosteroid or Corticosteroid-Salmeterol (LOCCS) trial was supported by an unrestricted grant to the American Lung Association from GlaxoSmithKline. SHARP genotyping services were provided by Affymetrix under a contract (N02-HL-6-4278) from the NHLBI.
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